isolates with V-MICs of <1, 1.5, 2, and 3 g/ml, respectively (P < 0.001). The V-MIC distribution and the hVISA frequency were stable over the 11-year period. Most patients (89.0%) received vancomycin. The mortality rate (evaluated with 285 patients for whose isolates the trough V-MIC was >10 g/ml) was comparable for patients whose isolates had V-MICs of <1 and 1.5 g/ml (19.4% and 27.0%, respectively; P ‫؍‬ 0.2) but higher for patients whose isolates had V-MICs of >2 g/ml (47.6%; P ‫؍‬ 0.03). However, the impact of V-MIC and hVISA status on mortality or persistent (>7 days) bacteremia was not substantiated by multivariate analysis. Staphylococcal chromosome cassette mec (SCCmec) typing of 261 isolates (including all hVISA isolates) revealed that 93.0% of the hVISA isolates were SCCmec type II. These findings demonstrate that the V-MIC distribution and hVISA frequencies were stable over an 11-year span. A V-MIC of >2 g/ml was associated with a higher rate of mortality by univariate analysis, but the relevance of the V-MIC and the presence of hVISA remain uncertain. A multicenter prospective randomized study by the use of standardized methods is needed to evaluate the relevance of hVISA and determine the optimal treatment of patients whose isolates have V-MICs of >2.0 g/ml.
gies used. Likewise, the frequency of isolates with MICs of 1.5 to Ͻ4 g/ml varies according to the testing method used (3, 32) . The relevance of an MIC on the higher side of the susceptibility range and the presence of hVISA isolates remains uncertain (8, 19, 21) . Therapeutic failure was reported in patients infected with isolates with vancomycin MICs of 2 g/ml (6, 12, 28 ) and 1.5 or 1 g/ml (25, 34, 37) . Most clinical microbiology laboratories use automated testing methods that are known to underestimate the vancomycin MIC (13, 24) . Additionally, most previous studies addressing the relevance of such isolates were observational and usually involved only a few patients and poorly selected controls (1, 4, 7, 9, 12, 14, 25, 35, 38, 42) . At our institution, we found the frequency of hVISA isolates among isolates from patients with persistent MRSA bacteremia to be 14%; however, heteroresistance did not correlate with the mortality rate (19) . In the current study, we tested all blood MRSA isolates collected over 11 years to determine whether the vancomycin MIC and the prevalence of hVISA have changed over time and to evaluate the effects of increasing vancomycin MICs and the hVISA frequency on patient outcomes.
MATERIALS AND METHODS
Laboratory methods. All blood MRSA isolates collected from S. aureus bacteremia studies conducted over the previous 11 years and saved at our research laboratory were selected (16) (17) (18) . They were preserved in skim milk at Ϫ80°C until they were tested.
The vancomycin MIC was determined by the standard vancomycin Etest (AB Biodisk, Piscataway, NJ) on Mueller-Hinton agar (Remel, Lenexa, KS). The results were compared to those obtained by broth microdilution for 254 isolates. Screening for hVISA was performed by the vancomycin-teicoplanin Etest macromethod, according to the manufacturer's instructions (AB Biodisk). Briefly, several colonies from an overnight culture were selected and suspended in Mueller-Hinton broth to reach a 2.0 McFarland density standard. A 100-l aliquot of the suspension was inoculated onto a brain heart infusion agar (Remel) plate and allowed to dry. Vancomycin and teicoplanin Etest strips were applied to each plate, and the plates were incubated for 48 h at 35°C. The plates were then examined and the results were recorded at 24 and 48 h. Control strains (methicillin-susceptible S. aureus ATCC 29213, Mu50, Mu3) were also included in the MIC and hVISA screening tests. Mu3 is a prototype strain of hVISA and is considered a precursor of Mu50 (a VISA strain); both strains are often used as controls in susceptibility tests (14, 19, 31) . A strain was considered hVISA if growth in the presence of Ն8 g for both vancomycin and teicoplanin or Ն12 g for teicoplanin alone was noted. The results were independently interpreted by two investigators.
Genotyping. Genotyping of all hVISA isolates and 37 non-hVISA isolates with vancomycin MICs of Ն2 g/ml was performed with DiversiLab repetitive sequence-based PCR Staphylococcus kits and MoBio UltraClean microbial DNA isolation kits (Bacterial Barcodes, Inc., bioMerieux), according to the manufacturer's instructions (33) .
SCCmec typing. The staphylococcal chromosome cassette mec (SCCmec) types of 261 isolates, which encompassed all isolates recovered from the cases of infection in 2006 and strains with the hVISA phenotype or a vancomycin MIC of Ն2 g/ml, were determined. DNA was extracted by a standard procedure. Frozen isolates were grown on Trypticase soy agar with 5% sheep blood (Remel) overnight at 35°C. One to three isolated colonies were suspended in 50 l sterile water, and the mixture was heated to 99°C for 15 min. Cellular debris was cleared by centrifugation at 16,000 ϫ g for 1 min. The DNA in the supernatant was used for SCCmec typing by multiplex PCR and was then stored at Ϫ20°C. Briefly, a master mixture was prepared. The master mixture contained 18 primers (Applied Biosystems, Foster City, CA) targeting SCCmec types I, II, III, IVa, IVb, IVc, IVd, and V and the mecA gene (internal control); Platinum Taq DNA polymerase; deoxynucleoside triphosphates; MgCl 2 ; and PCR buffer (Invitrogen, Carlsbad, CA), as described by Zhang et al. (45) . Two microliters of the extracted DNA was added to 48 l master mixture, and the DNA was amplified according to the instructions of the manufacturer. The amplified product was separated by electrophoresis, stained, photographed, and analyzed on a Chemi-Imager 4000 apparatus (Alpha Innotech, San Leandro, CA). Clinical data. The following patient information was collected: demographics, underlying conditions, organ dysfunction score, source of infection, duration of bacteremia, metastatic foci, vancomycin trough concentrations (when available), and treatment outcome (the patient's status at the time of hospital discharge).
Definitions. Bacteremia was defined as one or more positive blood cultures with systemic manifestations of infection, such as fever, chills, and sweats with or without local signs and symptoms. It was considered community associated when it appeared within 48 h of admission without any health care-associated risk factors (the presence of an invasive device; a history of surgery, hospitalization, or dialysis; or residence in a long-term care facility within the preceding 12 months) or health care associated (onset Ն48 h after admission or with one or more health care risk factors), as described by Klevens et al. (22) . The duration of bacteremia was defined as the number of days between the first and the last positive blood culture (16) . The duration among patients who died or who were discharged before clearance was counted until death or discharge from the hospital. The source of bacteremia was identified on the basis of the presence of local signs and the isolation of S. aureus from the implicated source, as described previously (16), and the Duke criteria for endocarditis (23) . Metastatic infection was defined as a distant focus anatomically unrelated to the implicated source. Persistent bacteremia was defined as positive blood cultures for Ն7 days. Organ dysfunction score was calculated on the basis of the number of dysfunctional organs and the severity of the dysfunction, as described previously (17) . Outcomes included cure or death. The duration of bacteremia, complications, and outcome were stratified according to the vancomycin MIC and hVISA status. Treatment was considered adequate if the vancomycin trough level was Ն10 g/ml.
Statistical analysis. We used chi-square analysis for categorical variables, Student's t test or analysis of variance for continuous variables, Spearman's correlation for bivariate associations, and stepwise forward logistic regression for multivariate analysis of dichotomous outcomes. All tests were performed with the computer software SPSS (version 15). A P value of Ͻ0.05 was considered to indicate statistical significance. The results were concordant for 155 isolates (61.0%). Among the remainder of the isolates, the Etest MIC was 0.5 to 1 g/ml higher than the standard broth microdilution result for 61 isolates (24.0%) and 0.5 to 1 g/ml lower for 38 isolates (15.0%). We selected the Etest MIC determination method for our analysis. The vancomycin MICs were 1.5 and Ն2 g/ml for 355 (72.6%) and 60 (12.3%) isolates, respectively. We detected hVISA in 71 instances (14.5%). The MIC distribution and hVISA frequency were similar in all time periods (Table 1 ). The frequency of hVISA was MIC dependent (Fig. 1) . No hVISA isolate for which the vancomycin MIC was Յ1 g/ml was detected.
RESULTS

Four
SCCmec typing of 261 isolates revealed that the majority of hVISA isolates (93.0%) were SCCmec type II. The frequencies of hVISA isolates were 38.6% among SCCmec type II isolates and 3.5% among SCCmec type IVa isolates. SCCmec type II isolates had higher MICs than SCCmec type IVa isolates (1.7 Ϯ 0.4 and 1.5 Ϯ 0.4 g/ml, respectively; P ϭ 0.007).
Genotyping (by repetitive sequence-based PCR) of 108 isolates (all of which had the hVISA phenotype or a vancomycin MIC of Ն2 g/ml) revealed a large cluster (n ϭ 46; 42.6%) within 97.5% similarity to US100, two other clusters (n ϭ 22 [20 The majority of patients (n ϭ 435; 89.0%) were treated with vancomycin. The vancomycin trough level was measured in 365 (85.9%) vancomycin-treated patients. The trough level was Ն10 g/ml in 285 (76.2%) cases. The association between the MIC or hVISA phenotype and the outcome was evaluated for the 285 cases treated with vancomycin who had vancomycin trough levels of Ն10 g/ml. The remainder of the cases did not meet the treatment selection criteria: the vancomycin trough level was Յ10 g/ml (n ϭ 80; 16.4%), the vancomycin level was not measured (n ϭ 70; 14.3%), the patients were treated with drugs other than vancomycin (n ϭ 21; 4.3%), treatment information was missing (n ϭ 9; 1.8%), and the patient died or treatment was withdrawn within 1 day (n ϭ 24; 4.9%). The mortality rate correlated with the vancomycin MIC (r ϭ 0.138; P ϭ 0.05) (Fig. 2) ; however, it did not correlate with the vancomycin trough level. We repeated the analysis for the 365 vancomycin-treated subjects, irrespective of the trough level. We did not detect any correlation between the trough level and mortality (data not shown). Comparison of patients with hVISA infections and patients without hVISA infections revealed that patients infected with hVISA had a slightly longer duration of bacteremia, persistent bacteremia, and a higher mortality rate; but the differences were not significant (Table 2).
Stepwise forward logistic regression analysis with mortality as the dependent variable and all clinically relevant variables as covariates revealed that the predictors of mortality were age, organ dysfunction score, and persistent bacteremia ( Table 3 
DISCUSSION
Vancomycin has been the standard treatment for MRSA bacteremia since the emergence of MRSA, but concerns about its efficacy have been increasing. The failure of treatment with vancomycin has been attributed to its slow bactericidal activity, the presence of subtherapeutic concentrations, and the reduced susceptibility of organisms (7, 25, 29, 30, 34, 40) . The interpretive criteria for susceptibility were lowered on the basis of the reported failure of treatment of infections caused by organisms with higher MICs (39) . Recently, an upward trend in MICs within the susceptibility range, often referred to as "MIC creep," was reported (38, 39) . Additionally, the inadequacy of vancomycin treatment of infections caused by organisms with MICs of 2 g/ml and lower has been reported (25, 30, 35, 36) . Furthermore, hVISA had been proposed as another cause of treatment failure. Despite these reports, the frequency and the relevance of hVISA and isolates with MICs at the higher end of the susceptibility range remain uncertain (10, 24, 36) . These uncertainties are due to the various detection methods used (8, 20, 24, 31, 40, 42, 44) , the questionable stability of the hVISA phenotype (30, 31, 40, 41, 43) , and the small and observational nature of most reported studies (4, 6, 8, 9, 25, 26, 34, 36) .
Our study presents data that address most of these shortcomings. We assessed our isolates using a single Etest method. We compared the Etest MIC with the standard broth microdilution MIC and found the results to be concordant for most isolates. We were unable to confirm the findings of Prakash et al. of higher MICs by Etest method (32) . We chose to use the Etest macromethod for the detection of hVISA isolates. This is a much less labor-intensive and less costly procedure than the standard broth microdilution method and maintains excellent sensitivity (96.0%) and specificity (97.0%) that are better than those achieved by population analysis (11, 34, 44) . We stratified patient outcome measures according to the MIC and hVISA status.
Our data show that the hVISA frequency was MIC dependent. We did not detect any hVISA isolates among isolates with MICs of Յ1 g/ml. The frequency increased steadily with higher MICs. Similar associations were previously noted (34, 35) . Our findings also illustrate that the vancomycin MIC and the hVISA frequency remained stable over an 11-year span. Similar observations were noted for isolates collected between 1997 and 2003 (15) . In comparison, a retrospective study of S. aureus isolates collected from two teaching hospitals and one community hospital in the Detroit, MI, metropolitan area over a period of 22 years revealed an increase in the prevalence of hVISA isolates from 2.2% in 1986 to 1993 to 7.6% in 1994 to 2002 and 8.3% in 2003 to 2007 (25, 34) . These results suggest that a vancomycin MIC shift may have occurred prior to the time of our study but that continuous vancomycin use did not contribute to additional MIC increases or a higher prevalence of hVISA during the study period. In Michigan, MRSA had been around for many years, and an earlier MIC shift is possible. We also show that hVISA appears to be SCCmec type dependent. It was prevalent among SCCmec type II isolates and was distinctly uncommon among SCCmec type IVa isolates. The association of SCCmec type II with higher MICs and the hVISA phenotype has been noted by others (33) .
The impact of hVISA on patient outcomes remains uncertain. Several studies examined the risk factors and their impacts on outcomes (4, 8, 10, 12, 24, 41) . A prospective nested case-control study conducted in the United States from 1997 to 2000 revealed an overall rate of mortality of 63% among 19 patients with Staphylococcus aureus infection caused by isolates with reduced vancomycin susceptibilities, including 4 VISA isolates and 15 hVISA isolates (10) . Independent risk factors were antecedent vancomycin use and a MRSA infection 2 to 3 months before the current infection. Another study from Hong Kong reported an incidence of hVISA of 8.9% among 203 cases of staphylococcal bacteremia from 1997 to 1998 and a higher rate of mortality among patients infected with hVISA isolates than among those not infected with such isolates (44.4% and 10.0%, respectively) (42). In our study, hVISA status did not affect mortality. The reason for these differences is not clear. It might reflect a difference in case selection, patient populations, or the hVISA screening methods used.
We also failed to show any association between the presence of hVISA and persistent bacteremia, although different results have been reported (2, 4, 26, 29, 34) . The reason for these discrepancies is not clear. Our study was not powered to detect a small difference. We suspect that most single-center studies will not be of adequate size for the meaningful assessment of the relevance of the hVISA phenotype.
Our study has limitations. We did not record exposure to vancomycin prior to the bacteremia. In addition, our tests were performed with frozen isolates that had undergone various numbers of passages. Whether freezing leads to a loss of the hVISA phenotype or a change in the MIC is uncertain. Nevertheless, the relevance of unstable hVISA status is uncertain.
Despite these limitations, our study illustrates that the vancomycin MIC and the frequency of hVISA did not change over the last 11 years. We also demonstrated that the relevance of isolates with higher vancomycin MICs and the hVISA phenotype remains undocumented. Vancomycin remains effective against infections caused by highly susceptible isolates (MICs, Յ1 g/ml and probably 1.5 g/ml). For isolates with higher MICs and the hVISA phenotype, the treatment of choice remains poorly defined. A multicenter prospective randomized study of the treatment for S. aureus bacteremia is needed to standardize testing methods, evaluate the relevance of the hVISA phenotype and vancomycin MICs of Ն2 g/ml, and determine the optimal treatment and the benefit of screening for hVISA.
